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Description 

PROCESS FOR MANUFACTURE OF 
PENTAERYTHRITOL DIPHOSPHITES 

Background of Invention 

[0001] The present invention is directed to a process for tlie 

manufacture of spiro pentaerythritol dipliosphites. More 
specifically, the present invention is directed to a process 
for tlie manufacture of pentaerytliritol dipliospliites via 
transesterification under vacuum to produce a diphos- 
phite with high spiro isomer content. 

[0002] Pentaerythritol diphosphites comprise at least two iso- 
meric forms, the spiro and caged isomers. The commer- 
cial desirability of the spiro isomer over the caged isomer 
is well known. It is, therefore, desirable to produce pen- 
taerythritol diphosphites having high spiro isomer con- 
tent. 

[0003] Generally, pentaerythritol diphosphites can be prepared 
by at least two different methods. In one method, two se- 
quential transesterification reactions are performed, first. 



the reaction of pentaerythritol with triphenyl phosphite to 
make diphenyl pentaerythritol diphosphite, and second, 
the reaction of the intermediate diphenyl pentaerythritol 
diphosphite with the appropriate alkylphenol or alcohol to 
produce the desired pentaerythritol diphosphite. In an- 
other method, dichloropentaerythritol diphosphite is re- 
acted with the appropriate alkylphenol or alcohol to pro- 
duce the desired pentaerythritol diphosphite. The latter 
method is said to produce a bis(alkylphenyl) pentaerythri- 
tol diphosphite with a negligible portion of caged isomer 
but involves more complex and expensive processing 
technology. The former transesterification method is 
cheaper to implement but generally produces mixtures of 
isomers having a spiro isomer content of from 50 percent 
upon to 75 percent depending on the method of prepara- 
tion and the reactants. Thus bis(alkylphenyl) pentaerythri- 
tol diphosphite prepared via transesterification typically 
are mixtures of spiro and caged isomers that must be fur- 
ther purified by selective crystallization in order to pro- 
duce a predominantly spiro product. Such an approach, 
however, inherently leads to a relatively low yield. 
[0004] One approach to improving the spiro isomer content of 
bis (2,4-di-t-butylphenyl) pentaerythritol diphosphite 



produced via transesterification is to react diphenyl pen- 

taerythritol diphosphite (DPPEDP) with 

2,4-di-t-butylphenol in a C - C n-alkane or cy- 
' ^ ^ 10 16 ^ 

cloall<ane solvent. This method gives a product with a 
spiro isomer content of up to 90 percent, but the diphos- 
phite yield is relatively low at about 77 percent. 
[0005] An economically more favorable and thus desirable trans- 
esterification process would be one which produces a 
bis(alkylphenyl) pentaerythritol diphosphite with a spiro 
isomer content of at least 90 percent, and with a high 

diphosphite yield of at least 95 percent. 
Summary of Invention 

[0006] It is therefore an object of the present invention to pro- 
vide a method for the production of pentaerythritol 
diphosphites via transesterification chemistry having a 
high spiro isomer content and high yield. 

[0007] In general, the present invention provides a process for 
producing bis(alkylphenyl) pentaerythritol diphosphites 
with high spiro isomer content greater than 90 percent via 
transesterification chemistry with yields greater than 95 
percent. The process of this invention comprises conven- 
tional transesterification reactions where the increase in 
the spiro isomer content and yield results from: (1) unique 



reaction conditions used to produce an intermediate 
product and the final product that minimize competing 
reaction products; and (2) the use of distillation to con- 
centrate the diphosphite content of the intermediate and 
final products. 

[0008] Accordingly, it is an object of the present invention to dis- 
close a sequence of transesterification reactions which 
maximize the spiro content of a pentaerythritol diphos- 
phite. 

[0009] It is another object of the present invention to effect the 
above sequence of transesterification reactions in a pre- 
ferred embodiment using pentaerythritol and triphenyl 
phosphite to form an intermediate pentaerythritol diphos- 
phite followed by a second transesterification reaction 
with a substituted phenol or lower alcohol to produce a 
high spiro content pentaerythritol diphosphite. 

[0010] These and other objects of the present invention will be- 
come more readily apparent from a reading of the follow- 
ing detailed description and with further reference to the 

appended claims. 
Detailed Description 

[0011] The process of the present invention involves sequential 
transesterification reactions to provide an intermediate 



and final reaction product. Tlie first reaction is the trans- 
esterification of pentaerythritol (formula I) 



with a monophosphite in the presence of an alkaline cata- 
lyst. The monophosphite can be selected from the group 
of triaryl phosphites, e.g., triphenyl phosphite (formula II) 



or trialkyi phosphites, e.g., trimethyl phosphite, or tri- 
ethylphosphite. 

[0012] More generically, a trialkyi or triaryl phosphite may be 

shown as P-(OR^)^ wherein is selected from the group 
consisting straight-chain or branched alkyi groups, cy- 
cloaliphatic groups which may have substituents, straight- 
chain or branched alkenyl groups, unsubstituted or alkyl- 
substituted aryl groups and arylalkyi groups. 

[0013] Specific non-limiting examples of straight-chain or 

branched alkyI groups are alkyls, e.g., methyl, ethyl, 
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, un- 
decyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, 
heptadecyl, octadecyl and stearyl groups. 




[0014] Specific non-limiting examples of the cycloaliphatic or 
cyclic alkyi groups which may have substituents are cy- 
cloalkyl groups having 5 to 7 carbon atoms such as cy- 
clopentyl, cyclohexyl and cycloheptyl groups, and the 
alkylcycloalkyi groups having 6 to 11 carbon atoms 
wherein the position of the alkyI group may vary, such as 
methylcyclopentyl, dimethylcyclopentyl, methylethylcy- 
clopentyl, dimethylcyclopentyl, methylcyclohexyl, 
dimethylcyclohexyl, methylethylcyclohexyl, diethylcyclo- 
hexyl, methylcycloheptyl, dimethylcycloheptyl, methylcy- 
cloheptyl, and diethylcycloheptyl groups. 

[0015] Specific non-limiting examples of the straight-chain or 
branched alkenyl groups are those having 2 to 30 carbon 
atoms wherein the position of the double bond may vary, 
such as butenyl, pentenyl, hexenyl, heptenyl, octenyl, 
nonenyl, decenyl, undecenyl, dodecenyl, tridecenyl, 
tetradecenyl, pentadecenyl, hexadecenyl, heptadecenyl, 
and octadecenyl groups. 

[0016] specific examples of the unsubstituted or alkyl- 

substituted aryl groups are the aryl groups having 6 to 18 
carbon atoms such as phenyl, diphenyl and naphthyl 
groups, and alkylaryl groups having 7 to 40 carbon atoms 
wherein the alkyI group may be straight-chain or 



branched and may be bonded to any position on the aryl 
group, such as tolyl, xylyl, ethylphenyl, propylphenyl, 
butylphenyl, pentylphenyl, hexylphenyl, heptylphenyl, 
octylphenyl, nonylphenyl, decylphenyl, undecylphenyl, 
dodecylphenyl, diethylphenyl, dibutylphenyl and 
dioctylphenyl groups. The all<ylaryl groups may addition- 
ally have substituents including functional groups such as 
alkoxy, hydroxy, cyano, nitro, halides, carboxylic acids, 
etc. 

[0017] Specific examples of the arylalkyi groups are those having 
7 to 40 carbon atoms wherein the alkyi group may be 
straight-chain or branched, such as benzyl, phenylethyl, 
phenylpropyl, phenylbutyl, phenylpentyl and phenylhexyl 
groups. 

[0018] This first transesterification results in the production of an 
intermediate pentaerythritol diphosphite reaction product 
having spiro isomer shown in the following base formula 



(Ml): 




wherein R is as previously defined and caged isomer 
shown in the following formula (IV): 



r'— 0 CH2 0 

V-0-CH2-^C H2- O-P 



[0019] In a preferred embodiment, pentaerythritol is transesteri- 
fied with triplienyl phospliite to produce tlie intermediate 
diplienyl pentaerytliritol dipliospliite sliown in the follow- 
ing formula (V): 



[0020] The second reaction is the transesterification of the inter- 

2 

mediate pentaerythritol diphosphite with an alcohol, R OH 
wherein the alcohol is selected from the group consisting 
ofC alkanols, C alkenols, phenols and derivatives 

8 8 

thereof, alkylaryl phenols and derivatives thereof 
and arylalkyi phenols and derivatives thereof, 
wherein said derivatives are chemical moieties selected 
from the group consisting of halogens, ^ alkyls, ^ 
alkoxy compounds, amino groups, C carboxylic acid 

1-6 

groups, cyano groups, nitro groups, etc., in the presence 
of an alkaline catalyst to produce a pentaerythritol 
diphosphite of the following formula (VI): 



R'"-0-P^ Y P-O-R' 
□ — 



(Vl) 



2 

where R is preferably selected from the group consisting 
of 2,4-di-t-butylphenyl, 2,4-dicumylphenyl, and lower C 

8 

C^^ alkanes, e.g., stearyl, isodecyl and decyl derived 
preferably from alcohols are selected preferably from the 
group consisting of 2,4-di-t-butylphenol, 
2,4-dicumylphenol of formula (VII), 



OH CH3 
I 

C 
I 

CH 
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H^-C-CH3 

6 



evil) 



and more generically as described previously. 
[0021] In a preferred embodiment, in the second transesterifica- 
tion reaction, the diphenyl pentaerythritol diphosphite in- 
termediate from the first transesterification reaction of 
this invention is transesterified with 2,4-dicumylphenol in 
the presence of an alkaline catalyst to produce 
bis(2,4-dicumylphenyl) pentaerythritol diphosphite with 
high yield and a high spiro isomer content as shown in the 
following formula (VIII): 

[0022] 



In preparing a reaction mixture for the first esterification 
reaction, monophosphite and pentaerythritol are used in a 
ratio of approximately 1 to 3 moles of monophosphite per 
mole of pentaerythritol. In the preferred embodiment of 
the first transesterification reaction, a stoichiometric 
amount of 2 moles monophosphite per mole of pentaery- 
thritol is used. A solvent may be used in the reaction mix- 
ture to reduce the viscosity, aid reactivity and/or to enable 
subsequent purification via fractional crystallization of the 
reaction mixture. Therefore, a solvent is not required and 
is thus optional. When employed, solvents that can be 
used include aromatic, aliphatic, and cyclic hydrocarbons 
in the C to C range. Suitable solvents are normal or 

6 24 ^ 

cyclic paraffins. More particularly, the solvent will be a 
saturated hydrocarbon or mixture of saturated hydrocar- 
bons selected from the group consisting of C - C n- 

^ ^ ^ 6 24 

alkanes and cyclo-alkanes. Representative examples of 
suitable hydrocarbons are n-decane, n-dodecane, n- 



tridecane, n-hexadecane and the like, and the cyclic and 
polycyclic analogs such as cyclododecane, bicy- 
clo[4,4,0]decane (decahydronaphthalene) and the like. Of- 
ten, the solvent will be a solvent mixture and include 
lower alkanes, e.g., hexane, heptane and cyclohexane. 
Unsaturated solvents are also useful in the invention, e.g., 
benzene and toluene. Solvents, if used in the reaction 
mixture are used in an amount ranging from about 10 
weight percent up to about 200 weight percent based on 
the weight of intermediate pentaerythritol diphosphite 
produced. 

[0024] An alkaline catalyst is also used in the first esterification 
reaction. The alkaline catalyst is preferably an alkaline in- 
organic compound and most preferably is an alkali or al- 
kaline earth metal oxide, hydroxide, carbonate or alcoho- 
late, all of which are catalysts well-known in the art as be- 
ing useful for these purposes. The alkaline catalyst is used 
in the reaction mixture in an amount ranging from about 
0.1 weight percent to about 5 weight percent, based on 
the weight of intermediate pentaerythritol diphosphite 
produced. 

[0025] The first transesterification reaction is carried out under 
controlled conditions of temperature and pressure. In a 



preferred embodiment of the first transesterification, tlie 
reaction is carried out at atmosplieric pressure. Tlie reac- 
tion can also be carried out under vacuum (full vacuum to 
about 200 mm Hg) witli liberated phenol removed via dis- 
tillation. The temperature of the first reaction is in a range 
of between about 60°C and a final temperature of below 
125°C, preferably between 70°C to about 105°C. At these 
temperatures the formation of undesirable side reaction 
products is minimized and correspondingly the yield of 
pentaerythritol diphosphite is maximized. 
[0026] While not wishing to be bound to any particular theory, it 
is believed that the stoichiometry and low temperature of 
the first transesterification reaction at atmospheric pres- 
sure selectively promotes the formation of the spiro and 
caged isomers of the intermediate diphenyl pentaerythri- 
tol diphosphite at the expense of other undesirable side 
reaction products. The transesterification byproduct is 
separated from any residual reactants, and side reaction 
products by distillation or by fractional crystallization of 
the diphosphite in solvent. This unique processing results 
in the combined weight of the spiro and caged isomers of 
the intermediate pentaerythritol diphosphite representing 
a yield of greater than 95%, based on the monophosphite 



reactant. 

[0027] In a preferred embodiment of the first transesterification 
reaction, plienol is produced by the transesterification of 
pentaerythritol and triphenyl phosphite in the presence of 
all<aline catalyst to form diphenyl pentaerythritol diphos- 
phite as the intermediate pentaerythritol diphosphite. The 
liberated phenol, any unreacted monophosphite and any 
side reaction products are removed by distillation. The 
distillation is performed with a temperature in the range 
of about 100°C to about 300°C, and a pressure of about 
full vacuum to about 200 mm Hg. The phenol byproduct 
and monophosphite reactants are of high quality and can 
be used as raw material for other reactions. The side re- 
action components can be recycled into subsequent first 
transesterification reactions as they rearrange to spiro and 
caged pentaerythritol diphosphites. 

[0028] Other methods of purification of the first reaction mixture 
include fractional crystallization in solvent and fractional 
melt crystallization. If the reaction is run in solvent, the 
same solvent used for dilution of the reaction mixture can 
be used for the fractional crystallization of the pentaery- 
thritol diphosphites. 

[0029] Following the first transesterification reaction, the purified 



intermediate pentaerytliritol diphospliite produced is used 
in a second transesterification reaction to form a second 
pentaerythritol dipliosphite. In preparing the second 
transesterification reaction mixture, a substituted plienol 
or alcoliol and tlie intermediate pentaerytliritol diplios- 
phite are used in amounts ranging from approximately 
stoichiometric to an excess of about 300 weight percent 
of the stoichiometric amount of the substituted phenol or 
alcohol. The substituted phenol (or alcohol in excess, if 
used) is used to reduce the viscosity of the second reac- 
tion mixture and to bias the reaction to completion. In the 
preferred embodiment, the substituted phenol is 
2,4-dicumyl phenol or 2,4-di-t-butyl phenol. Thus, when 
a substituted phenol is used, the second pentaerythritol 
diphosphite formed during the second transesterification 
reaction can be a bis(substituted phenol) pentaerythritol 
diphosphite. 

[0030] A solvent may be used in the reaction mixture to reduce 
viscosity, aid reactivity, and/or to enable subsequent re- 
action mass purification via fractional crystallization. But a 
solvent is not required and is thus optional. Solvents that 
can be used include aromatic, aliphatic, and cyclic hydro- 
carbons in the 6-24 carbon range. Normal or cyclic paraf- 



fins are suitable solvents. More particularly, the solvent 
will be a saturated hydrocarbon or mixture of saturated 
hydrocarbons selected from a group consisting of 6 to 24 
carbon n-alkanes and cyclo-alkanes. Representative ex- 
amples of suitable hydrocarbons are n-decane, n- 
dodecane, n-tridecane, n-hexadecane and the like; and 
the cyclic and polycyclic analogs such as cyclododecane, 
bicyclo[4,4,0]decane (decahydronaphthalene) and the like. 
Often, the solvent will be a solvent mixture and include 
lower alkanes, e.g., hexane, heptane, and cyclohexane. 
Unsaturated solvents are also useful in the invention, e.g., 
benzene, toluene and the like. Solvents if used in the re- 
action mixture, are used in an amount ranging from about 
10 weight percent to about 200 weight percent based on 
the weight of pentaerythritol diphosphite produced. 
[0031] An alkaline catalyst is also used in the second esterifica- 
tion reaction. The alkaline catalyst is preferably an alkaline 
inorganic compound and most preferably is an alkali or 
alkaline earth metal oxide, hydroxide, carbonate, alcoho- 
late, all of which are catalysts well-known in the art as be- 
ing useful for these purposes. The alkaline catalyst is used 
in the second reaction mixture in an amount ranging from 
about 0.1 weight percent to about 5 weight percent. 



based on the weight of the second pentaerythritol diphos- 
phite produced. 

[0032] The second transesterification reaction is carried out un- 
der controlled conditions of temperature and pressure. 
The temperature of the second reaction mixture is main- 
tained in a range of about 120°C to below 175°C, prefer- 
ably 120°C to 170°C and preferably is maintained at about 
150°C. The reaction is performed under vacuum to give a 
pressure in the range of about full vacuum to about 200 
mm Hg absolute. In the preferred embodiment, phenol is 
produced by the transesterification of diphenyl pentaery- 
thritol diphosphite intermediate and 2,4-dicumyl phenol 
to form bis(2,4-dicumylphenyl) pentaerythritol diphos- 
phite as the second pentaerythritol diphosphite. The 
byproduct phenol that is liberated during the second 
transesterification reaction is removed by distillation. The 
phenol byproduct is of high quality and can be used as 
raw material for other reactions. 

[0033] While not wishing to be bound by a particular theory, it is 
believed that the stoichiometry, removal of byproduct 
phenol during the second transesterification reaction, 
along with the high purity of the pentaerythritol diphos- 
phite, selectively promotes the formation of the spiro iso- 



mer of the second pentaerythritol diphosphite at the ex- 
pense of the caged isomer. The unique reaction condi- 
tions during the second transesterification reaction, along 
with those of the first transesterification reaction result in 
a spiro isomer content greater than 90% of the combined 
total weight of the spiro and caged isomers of the second 
pentaerythritol diphosphite produced in the second trans- 
esterification reaction. The total combined weight of the 
spiro and caged isomers of the second pentaerythritol 
diphosphite represents a yield of greater than 95%, based 
on the intermediate pentaerythritol diphosphite reactant. 
[0034] Following the second transesterification reaction, the sec- 
ond pentaerythritol diphosphite produced is separated 
form the second reaction mixture via distillation. In the 
preferred embodiment, the second reaction mixture is 
distilled to remove any unreacted materials, excess sub- 
stituted phenol (or alcohol if used), solvent (if used), and/ 
or any residual phenol to leave a purified second pen- 
taerythritol diphosphite that is preferably 99% by weight 
of spiro and caged isomers of the second pentaerythritol 
diphosphite, based on the total weight of the second pen- 
taerythritol diphosphite and residual impurities. The dis- 
tillation is performed with a temperature in the range of 



about 100°C to about 300°C, and a pressure of about full 
vacuum to about 200 mm Hg absolute. In a preferred em- 
bodiment, the second pentaerythritol diphosphite is 
bis(2,4-dicumylphenyl) pentaerythritol diphosphite. 
[0035] Other methods of purification of the second reaction mass 
include fractional crystallization and fractional melt crys- 
tallization. If solvent crystallization is used to purify the 
second transesterification reaction mass, the same solvent 
used for dilution of the reaction mass can be used for the 
crystallization fractionation process. Solvents that can be 
used include aromatic, aliphatic, and cyclic hydrocarbons 
in the 6 to 24 carbon range. Normal or cyclic paraffins are 
suitable solvents. More particularly, the solvent will be a 
saturated hydrocarbon or mixture of saturated hydrocar- 
bons selected from a group consisting of 6 to 24 carbon 
n-alkanes and cycloalkanes. Representative examples of 
suitable hydrocarbons are n-decane, n-dodecane, n- 
tridecane, n-hexadecane and the like; and the cyclic and 
polycyclic analogs such as cyclododecane, bicy- 
clo[4,4,0]decane (decahydronaphthalene) and the like. Of- 
ten, the solvent will be solvent mixture and include lower 
alkanes, e.g., hexane and cyclohexane. Unsaturated sol- 
vents are also useful in the invention, e.g., benzene. 



toluene and the like. Solvents if used in the reaction mix- 
ture, are used in an amount ranging from about 10 weight 
percent up to about 200 weight percent based on the 
weight of pentaerythritol diphosphite produced. 

[0036] Examples. The best mode for carrying out the invention will 
now be described for the purposes of illustrating the best 
mode known to the applicant at the time. The examples 
are illustrative only and not meant to limit the invention, 
as measured by the scope and spirit of the claims. 

[0037] Example 1. Preparation of Bis-2,4-Dicumyl Pentaerythritol Diphos- 
phite. 

[0038] The transesterification reaction of monopentaerythritol 
and triphenylphosphite (TPP) is carried out with stoichio- 
metric amounts of TPP and pentaerythritol with a solvent 
in the presence of an alkaline catalyst at temperatures be- 
ginning at 70°C and ending at less than 125°C, preferably 
lOS-lZO'C at atmospheric pressure. Phenol produced 
during the reaction is removed through vacuum distilla- 
tion at from 100-300°C and pressures ranging between 
0.01 and 100 mm Hg absolute with greater than 95% of 
theory recovered and less than 5% remaining in the reac- 
tion mass. Unreacted materials remain in this intermediate 
product at a level typically below 1%, preferably below 



0.1%. The phenol byproduct is of high quality and can be 
used as a raw material in other reactions. Surprisingly, 
under these conditions, the spiro isomer of DPPEDP is 
produced in preference to the caged isomer and DPPEDP 
yields are greater than 95% based on TPP. Solvent is not 
essential to the reaction chemistry serving only to reduce 
viscosity and thus is optional. Solvents that can be used 
include various aromatic hydrocarbons and hydrocarbon 
solvents in the 6 to 20 carbon range. Alkaline catalyst 
loading is 0.01-5% by weight of DPPEDP produced. Sol- 
vent, if used, can be added to the reaction system in the 
amount of 10-200% by weight of DPPEDP produced. The 
reaction scheme and operating parameters produce a re- 
action crude with DPPEDP with a spiro content of greater 
than 90%, solvent if used, along with trace amounts of 
TPP, phenol, and caged isomer of DPPEDP. 
[0039] The purified high spiro DPPEDP is stable and can be 
stored molten or solidified or sold as an intermediate 
product. The stripped TPP, trace phenol and/or solvent is 
recycled into subsequent DPPEDP production. The next 
step is to transesterify the high spiro DPPEDP with 
2,4-dicumyl phenol to produce high spiro bis- 
2,4-dicumyl pentaerythritol diphosphite. 



[0040] High spiro DPPEDP form the previous reaction is added to 
alkaline catalyzed 2,4-dicumyl phenol at about 150°C. The 
alkaline catalyst level is 0.1-5% by weight of bis- 
2,4-dicumyl pentaerythritol diphosphite produced. The 
reactants can be added in amounts ranging from stoichio- 
metric (2 moles 2,4-dicumyl phenol to 1 mole diphenyl 
pentaerythritol diphosphite) to large stoichiometric ex- 
cesses (300% or more to reduce viscosity) of 2,4-dicumyl 
phenol. A vacuum of 0.01 to 100 mm Hg absolute is 
maintained to distill the phenol produced in the transes- 
terification reaction to trace levels. The reaction produces 
bis-2,4-dicumyl pentaerythritol diphosphite that has a 
spiro isomer content of greater than 90% with phosphite 
yields (based on DPPEDP) of greater than 95%. The phenol 
byproduct is of high quality and can be used as a raw ma- 
terial in other processes. 

[0041] The reaction mass is then stripped via thin film distillation 
at 150-300''C and 0.01 to 50 mm Hg absolute to remove 
the excess 2,4-dicumyl phenol to levels below 0.5%. The 
resulting products is greater than 90% spiro bis- 
2,4-dicumylphenyl pentaerythritol diphosphite that can be 
pastilled, pelletized, or flaked, etc., to the desired product 
form The distilled 2,4-dicumyl phenol and trace phenol is 



recycled to subsequent reactions. By employing the reac- 
tion parameters described above, the final diphosphite re- 
action product may be used without the need to resort to 
recrystallization purification. 
[0042] The high spiro isomer content pentaerythritol diphos- 

phites made by the methods of the current invention may 
be used to stabilize any of the polymers known in the art, 
such as polyolefins, polyesters, polyurethanes, polyalky- 
lene terephthalates, polysulfones, polyimides, polypheny- 
lene ethers, styrenic polymers, polycarbonates, acrylic 
polymers, polyamides, polyacetals, halide containing 
polymers and polyolefin homopolymers and copolymers. 
Additionally included would be mixtures of different poly- 
mers, such as polyphenylene ether/styrenic resin blends, 
polyvinylchloride/ABS or other impact modified polymers, 
such as methacrylonitrile containing ABS, and polyester/ 
ABS or polyester plus some other impact modifier may 
also be used. Such polymers are available commercially or 
may be made by means well known in the art. However, 
the diphosphites of the invention are particularly useful in 
thermoplastic polymers, such as polyolefins, polycarbon- 
ates, polyesters, polyphenylene ethers thermoplastic poly- 
mers, such as polyolefins, polycarbonates, polyesters. 



polyphenylene ethers and styrenic polymers, due to the 
extreme temperatures at which the thermoplastic poly- 
mers are often processed and/or used. 
[0043] Polymers of monoolefins and diolefins, for example would 
include polypropylene, polyisobutylene, polybutene-1, 
polymethylpentene-1, polyisoprene or polybutadiene, as 
well as polymers of cycloolefins, for instance of cyclopen- 
tene or norbornene, polyethylene (which optionally can be 
crosslinked), for example high density polyethylene 
(HOPE), low density polyethylene (LDPE) and linear low 
density polyethylene (LLDPE) may be used. Mixtures of 
these polymers, for example mixtures of polypropylene 
with polyisobutylene, polypropylene with polyethylene (for 
example PP/HDPE), may also be used. Also useful are 
copolymers of monoolefins and diolefins with each other 
or with other vinyl monomers, such as, for example, ethy- 
lene/propylene, LLDPE and its mixtures with LDPE, propy- 
lene/butene-1, ethylene/hexene, ethylene/ethylpentene, 
ethylene/heptene, ethylene/octene, propylene/butadiene, 
isobutylene/isoprene, ethylene/alkyi acrylates, ethylene/ 
alkyi methacrylates, ethylene/vinyl acetate (EVA) or ethy- 
lene/acrylic acid copolymers (EAA) and their salts 
(ionomers) and terpolymers of ethylene with propylene 



and a diene, such as hexadiene, dicyclopentadiene or 
ethylidene-norbornene; as well as mixtures of such 
copolymers and their mixtures with polymers mentioned 
above, for example polypropylene/ethylene-propylene 
copolymers, LDPE/EVA, LDPE/EAA, LLDPE/EVA and LLDPE/ 
EAA. 

[0044] Thermoplastic polymers may also include styrenic poly- 
mers, such as polystyrene, poly-(p-methylstyrene), poly- 
(oi-methylstyrene), copolymers of styrene, p- 
methylstyrene or alpha-methylstyrene with dienes or 
acrylic derivatives, such as, for example, styrene/buta- 
diene, styrene/acrylonitrile, styrene/alkyi methacrylate, 
styrene/maleic anhydride, styrene/butadiene/ethyl acry- 
late, styrene/acrylonitrile/methacrylate; mixtures of high 
impact strength from styrene copolymers and another 
polymer, such as, for example, from a polyacrylate, a di- 
ene polymer or an ethylene/propylene/diene terpolymer; 
and block copolymers of styrene, such as, for example, 
styrene/butadiene/styrene, styrene/isoprene/styrene, 
styrene/ethylene/butylene/styrene or styrene/ethy- 
lene/propylene/styrene. Styrenic polymers may addition- 
ally or alternatively include graft copolymers of styrene or 
alpha-methylstyrene such as, for example, styrene on 



polybutadiene, styrene on polybutadiene-styrene or 
polybutadiene-acrylonitrile; styrene and acrylonitrile (or 
methacrylonitrile) on polybutadiene; styrene and maleic 
anhydride or maleimide on polybutadiene; styrene, acry- 
lonitrile and maleic anhydride or maleimide on polybuta- 
diene; styrene, acrylonitrile and methyl methacrylate on 
polybutadiene, styrene and alkyi acrylates or methacry- 
lates on polybutadiene, styrene and acrylonitrile on ethy- 
lene/propylene/diene terpolymers, styrene and acryloni- 
trile on polyacrylates or polymethacrylates, styrene and 
acrylonitrile on acrylate/butadiene copolymers, as well as 
mixtures of the styrenic copolymers indicated above. 

[0045] Nitrile polymers are also useful. These include homopoly- 
mers and copolymers of acrylonitrile and its analogs such 
as methacrylonitrile, such as polyacrylonitrile, acryloni- 
trile/butadiene polymers, acrylonitrile/alkyi acrylate poly- 
mers, acrylonitrile/alkyi methacrylate/butadiene poly- 
mers, acrylonitrile/butadiene/styrene (ABS), and ABS 
which includes methacrylonitrile. 

[0046] Polymers based on acrylic acids, such as acrylic acid, 

methacrylic acid, methyl methacrylate acid and ethacrylic 
acid and esters thereof may also be used. Such polymers 
include polymethylmethacrylate, and ABS-type graft 



copolymers wherein all or part of the acrylonitrile-type 
monomer has been replaced by an acrylic acid ester or an 
acrylic acid amide. Polymers including other acrylic-type 
monomers, such as acrolein, methacrolein, acrylamide 
and methacrylamide may also be used. 
[0047] Halogen-containing polymers may also be useful. These 
include resins such as polychloroprene, epichlorohydrin 
homopolymers and copolymers, polyvinyl chloride, 
polyvinyl bromide, polyvinyl fluoride, polyvinylidene chlo- 
ride, chlorinated polyethylene, chlorinated polypropylene, 
fluorinated polyvinylidene, brominated polyethylene, 
chlorinated rubber, vinyl chloride-vinylacetate copolymer, 
vinyl chloride-ethylene copolymer, vinyl chloride propy- 
lene copolymer, vinyl chloride-styrene copolymer, vinyl 
chloride-isobutylene copolymer, vinyl chloride-vinylidene 
chloride copolymer, vinyl chloride-styrene-maleic anhy- 
dride tercopolymer, vinyl chloride-styrene-acrylonitrile 
copolymer, vinyl chloride-isoprene copolymer, vinyl chlo- 
ride-chlorinated propylene copolymer, vinyl chloride- 
vinylidene chloride-vinyl acetate tercopolymer, vinyl chlo- 
ride-acrylic acid ester copolymers, vinyl chloride-maleic 
acid ester copolymers, vinyl chloride-methacrylic acid es- 
ter copolymers, vinyl chloride-acrylonitrile copolymer and 



internally plasticized polyvinyl chloride. 

[0048] Other useful thermoplastic polymers include homopoly- 
mers and copolymers of cyclic ethers, such as polyalky- 
lene glycols, polyethylene oxide, polypropylene oxide or 
copolymers thereof with bis-glycidyl ethers; polyacetals, 
such as polyoxymethylene and those polyoxymethylene 
which contain ethylene oxide as a comonomer; polyac- 
etals modified with thermoplastic polyurethanes, acrylates 
or methacrylonitrile containing ABS; polyphenylene oxides 
and sulfides, and mixtures of polyphenylene oxides with 
polystyrene or polyamides; polycarbonates and polyester- 
carbonates; polysulfones, polyethersulfones and 
polyetherketones; and polyesters which are derived from 
dicarboxylic acid and diols and/or from hydroxycarboxylic 
acids or the corresponding lactones, such as polyethylene 
terephthalate, polybutylene terephthalate, poly- 
1,4-dimethyliol-cyclohexane terephthalate, poly- 
[2,2,4-(4-hydroxyphenyl)-propane] terephthalate and 
polyhydroxybenzoates as well as block copolyetheresters 
derived from polyethers having hydroxyl end groups. 

[0049] Polyamides and copolyamides which are derived from di- 
amines and dicarboxylic acids and/or from aminocar- 
boxylic acids or the corresponding lactams, such as 



polyamide-4, polyamide-6, polyamide-6/6, polyamide- 
6/10, polyamide-6/9, polyamide-6/ 12, polyamide-4/6, 
polyamide-11, polyamide-12, aromatic polyamides ob- 
tained by condensation of m-xylene, diamine and adipic 
acid; polyamides prepared from hexamethylene diamine 
and isophthalic and/or terephthalic acid and optionally an 
elastomer as modifier, for example, poly- 
2,4,4-trimethylhexamethylene terephthalamide or poly- 
m-phenylene isophthalamide may be useful. Further 
copolymers of the aforementioned polyamides with poly- 
olefins, olefin copolymers, ionomers or chemically bonded 
or grafted elastomers; or with polyethers, such as for in- 
stance, with polyethylene glycol, polypropylene glycol or 
polytetramethylene glycols, and polyamides or 
copolyamides modified with EPDM or ABS may be used. 

[0050] The resulting stabilized polymer compositions comprising 
the phosphites made by the process of this invention may 
optionally also contain various conventional additives, 
such as the following: 

[005 1 ] (I) Antioxidants 

[0052] (1,1) Alkylated monophenols, for example: 2,6-di-f- 

butyl-4-methylphenol,2-f-butyl-4,6-dimethylphenol, 
2,6-di-f-butyl-4-ethylphenol, 2,6-di-t-butyl-4-«- 



butylphenol,2,6-di-f-butyl-4-butylphenol, 

2,6-di-cyclopentyl-4-methylphenol,2-((x-methylcyclohex 

yl)-4,6-dimethylphenol, 

2,6-di-octadecyl-4-methylphenol,2,4,6-tri-cyclohexylph 
enol, and 2,6-di-f-butyl-4-methoxymethylphenol. 
[0053] (1,2) Alkylated hydroquinones, for example, 2,6-di-f- 

buty7l-4-methoxyphenol,2,5-di-f-butyl-hydroquinone, 

2.5- di-f-amyl-hydroquinone, and 

2.6- diphenyl-4-octadecyloxyphenol. 

[0054] (13) Hydroxylated thiodiphenyl ethers, for exam- 
ple,2,2'-thio-bis-(6-f-butyl-4-methylphenol), 
2,2'-thio-bis-(4-octylphenol),4,4'-thio-bis-(6-f- 
butyl-3-methylphenol), and 4,4'-thio-bis-(6-f- 
butyl-2-methylphenol). 

[0055] (1,4) Alkylidene-bisphenols, for exam- 
ple, 2, 2'-methylene-bis-(6-f-butyl-4-methylphenol), 
2,2'-methylene-bis-(6-f- 
butyl- 

4-ehtylphenol),2,2'-methylene-bis-[4-methyl-6-(alpha- 
methylcyclo- 

hexyl)phenol],2,2'-methylene-bis-(4-methyl-6-cyclohexy 
Iphe- 

nol),2,2'-methylene-bis-(6-nonyl-4-methylphenol),2,2'- 



methylene- 
bis- 

[6-(a-methylbenzyl)-4-nonylphenol],2,2'-methylene-bis- 
[6-( 

a,a-dimethylbenzyl)-4-nonylphenol],2,2'-methylene-bis- 
(4,6-di-f-butylphenol), 2,2'-methylene-bis-(4,6-di-f- 
butylphenol),4,4'-methylene-bis-(6-f- 
butyl-2-methylphenol), 1, l-bis-(5-f- 
butyl-4-hydroxy-2-methylphenyl)butane,2,6-di-(3-f- 
butyl- 

5-methyl-2-hydroxybenzyl)-4-methylphenol,l,l,3-tris-( 
5-f-butyl-4-hydroxy-2-methylphenyl)butane, 1, l-bis-(5- 
f- 

butyl- 

4-hydroxy-2-methylphenyl)-3-dodecylmercaptobutane, 
ethylenglycol-bis-[3,3-bis-(3'-f- 
butyl-4'hydroxy-phenyl)-butyrate],di-(3-t- 
butyl-4-hydroxy-5-methylphenyl)-dicyclopentadiene, 
anddi-[2-(3'-f-butyl-2'-hydroxy-5'methyl-benzyl)-6-f- 
butyl-4-methylphenyl]terephthalate. 
[0056] (1.5) Benzyl compounds, for exam- 
ple, 1,3.5 -tris-(3,5-d i-t-butyl-4-hydroxybenzyl)-2, 4, 6-tri 
methylben- 



zene,bis(3,5-di-t-butyl-4-hydroxybenzyl)sulfide,isooctyl 

3,5-di-t-butyl-4-hydroxybenzyl-mercapto-acetate,bis-(4 

t- 

butyl- 

3- hydroxy-2,6-dimethylbenzyl)dithiolterephthalate,l,3,5 
tris- 

(3,5-di-t-butyl-4-hydroxybenzyl)isocyanurate,l,3i5-tris( 

4- t-butyl-3-hydroxy-2,6-dimethylbenzyl)isocyanurate,di 
octadecyl-3,5-di-t-butyl-4-hydroxybenzyl-phosphonate, 
calcium salt of mo- 

noethyl3,5-di-t-butyl-4-hydroxybenzylphosphonate, 
andl,3,5-tris-l,3.5-dicyclohexyl-4-hydroxybenzyl)isocya 
n urate. 

[0057] (15) Acylaminophenols, for example, 4-hydroxy-lauric acid 
anilide, 4-hydroxy-stearic acid anilide, 
2,4-bis-octylmercapto-6-(3,5-t-butyl-4-hydroxy-anilin 
o)-s-triazine, and octyl- 

N-(3,5-di-t-butyl-4-hydroxyphenyl)-carbanate 
[0058] (1.7) Esters of n -(3,5-di-t-butyl-4-hydroxyphenyl)-propionic 
acid with monohydric or polyhydric alcohols, for example, 



methanol, diethyleneglycol, octadecanol, triethyleneglycol, 
1,6-hexanediol, pentaerythritol, neopentylglycol, tris- 
hydroxyethyl isocyanurate, thiodiethyleneglycol, and dihy- 
droxyethyl oxalic acid diamide. 

[0059] (1.8) Esters of n - 

(5-t-butyl-4-hydroxy-3-methylphenyl)-propionic acid with mono- 
hydric or polyhydric alcohols, for example, methanol, di- 
ethyleneglycol, octadecanol, triethyleneglycol, 1 
,6-hexanediol, pentaerythritol, neopentyglycol, tris- 
hydroxyethyl isocyanurate, thiodiethyleneglycol, and di- 
hydroxyethyl oxalic acid diamide. 

[0060] (1.9) Esters of D -(5-t-hutyl-4-hydroxy-3-methylphenyl)propionic 
acid with mono- or polyhydric alcohols, e.g. with methanol, di- 
ethylene glycol, octadecanol, triethylene glycol, 
1,6-hexanediol, pentaerythritol, neopentyl glycol, 
tris(hydroxyethyl)isocyanurate, thiodiethylene glycol, and 
N,N"-bis(hydroxyethyl)oxalic acid diamide. 

[0061] (1.10) Amides of 3- 

(3,5-di-t-butyl-4-hydroxyphenyl)-propionic acid, for ex- 
ample, 

N,N"-di-(3,5-di-t-butyl-4-hydroxyphenylpropionyl)-hexa 
methylendi- 

amine,N,N"-di-(3,5-di-t-butyl-4-hydroxyphenylpropionyl 



)-tri methylene! iam i ne , 

andN,N"-di-(3,5-di~t~butyl-4-hydroxyphenylpropionyl).. 
hydrazine 

[0062] (2) uv absorbers and light stabilizers. 

[0063] (2.1) 2-(2"-Hydroxyphenyl)-benzotriazoles, for example, 
the 5"-methyl-, 3',5'-di-t-butyl-,5'-t-butyl-, 
5'-(l,l,3,3-tetramethylbutyl)-, 
5-chloro-3',5'-di-t-butyl-, 

5-chloro-3'-t-butyl-5'-methyl-, 3'-sec-butyl-5'-t-butyl-, 
4'-octoxy, 3',5'-di-t-amyl-, and 3',5'-bis-( 
a,a-dimethylbenzyl)- derivatives. 

[0064] (2.2) 2-Hydroxy-benzophenones, for example, the 

4-hydroxy-, 4-methoxy-, 4-octoxy-, 4-decyloxy-, 
4-dodecyloxy-, 4-benzyloxy-, 4,2',4'-trihydroxy- and 
2'-hydroxy-4,4'-dimethoxy. 

[0065] (2.3) Esters of substituted and unsubstituted benzoic acids, for ex- 
ample, phenyl salicylate, 4-t-butyl-phenylsalicilate, 
octylphenyl salicylate, dibenzoylresorcinol, bis- 
(4-t-butylbenzoyl)-resorcinol, benzoylresorcinol, 
2,4-di-t-butyl-phenyl-3,5-di-t-butyl-4-hydroxybenzoat 
e and hexadecyl-3,5-di-t-butyl-4-hydroxybenzoate. 

[0066] (2.4) Acrylates, for example, a-cyano-3,3-diphenylacrylic 
acid ethyl ester or isooctyl ester, a-car- 



bomethoxy-cinnamic acid methyl ester, a- 
cyano-P-methyl-p-methoxy-cinnamic acid metliyl ester 
or butyl ester, a-carbomethoxy-p-methoxy-cinnamic 
acid methyl ester, and N- 

(3-carbomethoxy-3-cyano-vinyl)-2-methyl-indoline. 
[0067] (2.5) Nickel compounds, for example, nickel complexes of 
2,2"-thio-bis-[4-(l,l,3,3-tetramethylbutyl)-phenol], such 
as the 1:1 or 1:2 complex, optionally with additional lig- 
ands such as n-butylamine, triethanolamine or N- 
cyclohexyl-di-ethanolamine, nickel dibutyldithiocarba- 
mate, nickel salts of 

4-hydroxy-3,5-di-t-butylbenzylphosphonic acid 
monoalkyi esters, such as of the methyl, ethyl or butyl es- 
ter, nickel complexes of ketoximes such as of 
2-hydroxy-4-methyl-pentyl undecyl ketoxime, and nickel 
complexes of l-phenyl-4-lauroyl-5-hydroxy-pyrazol, 
optionally with additional ligands. 
[0068] (2.6) Sterically hindered amines, for example bis- 
(2,2,6,6-tetramethylpiperidyl)-sebacate, bis- 
(l,2,2,6,6-pentamethylpiperidyl)-sebacate, n- 
butyl-3,5-di-t-butyl-4-hydroxybenzyl malonic acid, bis- 
(l,2,2,6,6-pentamethylpiperidyl)ester, condensation 
product of 



1- hydroxyethyl-2,2,6,6-tetramethyl-4-hydroxy-piperidin 
e and succinic acid, condensation product of 
N,N"-(2,2,6,6-tetramethylpiperidyl)-hexamethylendiamin 
e and 4-t-octylamino-2,6-dicliloro-l,3,5-s-triazine, tris- 
(2,2,6,6-tetrametliylpiperidyl)-nitrilotriacetate, tetral<is- 
(2,2,6,6-tetrametliyl-4-piperidyl)-l,2,3,4-butane-tetraca 
rbonic acid, 

l,l"-(l,2-etlianediyl)-bis-(3,3,5,5-tetrametliylpiperazino 
ne). Sucli amines include liydroxylamines derived from 
liindered amines, sucli asdi- 

(l-hydroxy-2,2,6,6-tetramethylpipefldifl-4-yl) seba- 

cate;l-hydroxy-2,2,6,6-tetramethyl-4-benzoxypiperidine 

;l-hydroxy-2,2,6,6-tetramethyl-4(3,5-di-f- 

butyl-4-hydroxyhydrocinnamoyloxy)piperidine; and N- 

(l-hydroxy-2,2,6,6-tetramethylpiperidin-4-yl)-e-caprola 

ctam. 

[0069] (2.7) Oxalic acid diamides, for example, 
4,4"-di-octyloxy-oxanhlide, 
2,2"-di-octyloxy-5,5-di-t-butyl-oxanilide, 
2,2"-di-dodecyloxy-5,5"-di-t-butyl-oxanilide, 

2- ethoxy-2"-ethyl-oxanilide, 
N,N"-bis(3-dimethylaminopropyl)-oxalamide, 
2-ethoxy-5-t-butyl-2"-ethyloxanilide and its mixture 



with2-ethoxy-2"-ethyl-5,4"-di-t-butyloxanilide and mix- 
tures of o-methoxy and p-methoxy as well as of o-ethoxy 
and p-ethoxy disubstituted oxanilides. 
[0070] (3) Metal deactivators, for example, N,N"-diphenyloxalic acid 
diamide, N-salicylal-N"-salicyloylhydrazine, 
N,N"-bis-salicyloyl hydrazine, 

N,N"-bis-(3,5-di-t-butyl-4-hydroxyphenylpropionyl)-hyd 
razine, salicyloylamino-l,2,4-triazole, bis-ben- 
zyliden-oxalic acid dihydrazide. 
[0071] (4) Phosphites and phosphonites, for example triphenyl phos- 
phite, diphenylalkyi phosphites, phenyldialkyi phosphites, 
tris(nonyl-phenyl) phosphite, trilauryl phosphite, trioc- 
tadecyl phosphite, distearyl pentaerythritol diphosphite, 
tris(2,4-di-t-butylphenyl)phosphite, diisodecyl pentaery- 
thritol diphosphite, 

bis(2,4-di-t-butylphenyl)pentaerythritol diphosphite, tris- 
tearyl sorbitol triphosphite, and 

tetrakis(2,4-di-t-butylphenyl) 4,4"-biphenylene diphos- 
phonite. 

[0072] Peroxide scavengers, for example esters of 3- 

thiodipropionic acid, for example the lauryl, stearyl, 
myristyl or tridecyl esters, mercaptobenzimidazole or the 
zinc salt of 2-mercaptobenzimidazole, zinc- 



dibutyl-ditbiocarbamate, dioctadecyldisulfide, pentaery- 
thritol-tetrakis(3-dodecylmercapto)-propionate. 

[0073] poiyamide stabilizers, for example copper salts in combi- 
nation with iodides and/or phosphorus compounds and 
salts of divalent manganese. 

[0074] Basic co-stabilizers, Basic co-stabilizers, for exam pie, 

melamine, polyvinylpyrrolidone, dicyandiamide,triallyl 
cyanurate, urea derivatives, hydrazine derivatives, amines, 
polyamides, polyurethanes, alkali metal salts and alkaline 
earth metal salts of higher fatty acids for example calcium 
stearate, barium stearate, magnesium stearate, sodium ri- 
cinoleate, potassium palmitate, antimony pyrocatecholate 
and zinc pyrocatecholate. 

[0075] (g) Nucleating agents, for example, 4-t-butyl-benzoic acid, 
adipic acid, diphenylacetic acid. 

[0076] (Q) Fillers and reinforcing agents, for example, calcium car- 
bonate, silicates, glass fibers, asbestos, talc, kaolin, mica, 
barium sulfate, metal oxides and hydroxides, carbon 
black, graphite. 

[0077] (10) Aminoxvpropanoate derivatives such as methyl- 
3-[N,N-dibenzylaminoxy]propanoate; ethyl- 
3-[N,N-dibenzylaminoxy]propanoate;l,6-hexamethylene- 
bis[3-(N,N-dibenzylaminoxy)propanoate]; methyl- 



[2-(methyl)-3(N,N-dibenzylaminoxy)propanoate]; octade- 
cyl-3-[N,N-dibenzyl-aminoxy]propanoic acid; 
tetrakis[(N,N-dibenzylaminoxy)ethyl carbonyl 
oxymethy I] methane; octadecyl- 
3-[N,N-diethylaminoxy]propanoate; 
3-[N,N-dibenzylaminoxy]propanoic acid potassium salt; 
and 1,6-hexamethylene bis[3-(N-allyl-N-dodecyl 
aminoxy)propanoate]. 
[0078] (11) Other additives, for example, plasticizers, lubricants, 

emulsifiers, pigments, optical brighteners, flame-proofing 
agents, anti-static agents, blowing agents and thiosyner- 
gists such as dilaurylthiodipropionate or distearylth- 
iodipropionate. 

[0079] Hindered phenolic antioxidants may also be present in the 
polymer composition. Use of bis(alkylpheny)l pentaery- 
thritol diphosphites of the present invention may result in 
enhanced polymer protection by reducing the formation 
of color resulting from the presence of the phenols. Such 
phenolic antioxidants include in addition to those specifi- 
cally mentioned previously, n-octade- 
cyl-3,5-di-t-butyl-4-hydroxyhydrocinnamate, neopen- 
taneterayl tetrakis- 

(3,5-di-t-butyl-4-hydroxyl-hydrocinnamate), di- 



n-octade- 

cyl-3,5-di-t-butyl-4-hydroxybenzyl-phosphonate, 

l,3,5-tris(3,5-di-t-butyl-4-hydroxybenzyl-)isocyanurate, 

thiodiethylene- 

bis(3,5-di-t-butyl-4-hydroxyhydrocinnamate), 

l,3,5-trimethyl-2,4,6-tris(3,5-di-t-butyl-4-hydroxybenz 

yl)benzene, 3,6-di-oxaoctamethylene 

bis(3-methyl-5-t-butyl-4-hydroxyhydrocinnamate), 

2,6-di-t-butyl-p-cresol,2,2'-ethylidene-bis(4,6-di-t-buty 

Iphenol), 

l,3,5-tris-(2,6-di-methyl-4-t-butyl-3-hydroxybenzyl)iso 
cyan urate, 

l,l,3-tris-(2-methyl-4-hydroxy-5-t-butylphenyl)butane, 
l,3,5-tris[2-(3,5-di-t-butyl-4-hydroxyhydrocinnainoloxy 
)-ethyl]-isocyan urate, 

3,5-di-(3,5-di-t-butyl-4-hydroxybenzyl)-mesitol, hex- 
amethylene- 

bis(3,5-di-t-butyl-4-hydroxyhydrocimiamate), 

l-(3,5-di-t-butyl-4-hydroxyanilino)-3,5-di(octylthio)-s-t 

riazine, 

N,N"-hexamethylene-bis(3,5-di-t-butyl-4-hydroxyhydro 
-cinnamamide), calcium 

bis(ethyl-3,5-di-t-butyl-4-hydroxybenzylphosphonate). 



ethylene bis[3,3-cli(3-t-butyl-4-hydroxyphenyl)butyrate], 

octyl3,5-di-t-butyl-4-hydroxybenzylmercaptoacetate,bis( 

3,5-di-t-butyl-4-hydroxyhydrocinnamoyl(hydrazide, 

andN,N'-bis-[2-(3,5-t-butyl-4-hydroxyhydroxocinnamoyl 

oxy)-ethyl]-oxamide, and preferablyneopentanetetraylte- 

trakis(3,5-di-t-butyl-4-hydroxyhydrocinnamate),n-octad 

ecyl- 

3.5- di-t-butyl-4-hydroxyhydrocinnamate,l,3,5-trimethyl 

2,4,6-tris(3,5-di-t-butyl-4-hydroxy-benzyl)benzene,l,3i 
5-tris-(3,5-di-t-butyl-4-hydroxybenzyl)isocyanurate, 

2.6- di-t-butyl-p-cresol 
or2,2'-ethylidene-bis(4,6-di-t-butylphenol). 

[0080] (12) Lactones, , for example, 5, 

7-di-t-butyl-3-phenyl-3H-benzofuran-2-one; 

5.7- di-cumyl-3-phenyl-3H-benzofuran-2-one; nonyl- 
e-phenyl-3H-benzofuran-2-one; dinonyl- 
3-phenyl-3H-benzofuran-2-one; 
5-t-butyl-3-phenyl-3H-benzofuran-2-one; 
5-cumyl-3-phenyl-3H-benzofuran-2-one; and octyl- 
3-phenyl-3H-benzofuran-2-one, and other 
3-arylbenzofuran-2-ones. 

[0081] Other additives, such as oxazaphospholidines, may addi- 



tionally or alternatively be present. Likewise, the instant 
compounds prevent color formation when hindered amine 
light stabilizers are present, such hindered amines includ- 
ing- 

bis(l,2,2,6,6-pentamethyl-4-piperidyl)2-n-butyl-2-(3,5- 
di-t-butyl-4-hydroxy-benzyl) malonate; 
bis(2,2,6,6-tetramethyl-4-piperidyl) sebacate; dimethyl- 
succinate polymer with 

4-hydroxy-2,2,6,6-tetramethyl-l-piperidinethanol; and 
polymers of 2,4-dichloro-6-octylamino-s-triazine with 
N'-(2,2,6,6-tetramethyl-4-piperidyl)hexamethylene di- 
amine. 

[0082] The invention has been described with reference to pre- 
ferred and alternate embodiments. Obviously, modifica- 
tions and alterations will occur to others upon the reading 
and understanding of the specification. It is intended to 
include all such modifications and alterations insofar as 
they come within the scope of the appended claims or the 
equivalents thereof. 



